The synthesis of biologically competent RNA by a purified Q,3-replicasel (an RNA-dependent RNA-polymerase induced by QO-RNA bacteriophage) has been reported in earlier publications.2 3 It was further established4 by the use of a temperature-sensitive mutant that the initiating template RNA is the instructive agent in the replicative process. Examination5 of the early events in the reaction revealed the existence of a six minute latent period which precedes the appearance of the first new infectious strands. The use of sucrose gradients' and, more informatively, electrophoresis in acrylamide gels6' I made possible a detailed analysis of the fate of the input templates during the latent period. The data showed8 that two classes of complexes containing the initiating templates materialized in the latent period. Their emergence is paralleled quantitatively by a concomitant loss of the template RNA as an infectious entity. The first complexes (HS) to appear correspond in their properties to the structures found in vivo by Francke and Hofschneider.9 The second class of complexes (FS) made their appearance one minute later and resemble the "replicative intermediate" isolated by Franklin10 from cells infected with R17. Both of these types of structures occur well before any Qf-RNA can be detected.
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While not as yet conclusive, the temporal order of their appearance is consistent with a mechanism which suggests that HS structures give rise to FS which, in turn, generate viral RNA. This series of events implies the existence of two activities and it was of obvious interest to see whether more direct enzymological evidence could be obtained to support this implication.
As our experience with Qfl-replicase accumulated, persistent peculiarities were noted which suggested that the enzyme was separable into two components. It is the purpose of the present paper to detail the experiments which exploited these hints. The data show that the enzyme can in fact be dissociated into a light and heavy component by successive centrifugations in sucrose gradients. While neither component responds to added Qf-RNA, their combination reconstitutes a fully active enzyme system. Finally, the heavier component is associated with a remarkable ability to synthesize polyriboguanylic acid (poly G), an activity which is completely dependent on the addition of polyribocytidylic acid (poly C).
Materials and Methods.-Enzyme, substrates, and assays: Purification of the Qfl-replicase followed with minor modifications the procedure of Haruna and Spiegelman. The synthetic polyribonucleotides poly A, poly C, and poly U were purchased from Miles Laboratories. The poly G was kindly supplied by Dr. Marianne Grunberg-Manago.
Results.-Presence of a poly-C-dependent poly-G-polymerase in Qf-replicase preparations: We have known'2 since our initial attempts at purifying Qfl-replicasel that the preparations consistently contained a polymerase which could synthesize polyriboguanylate in the presence of polyribocytidylate. Table 1 summarizes the response of a typical Q3-replicase at the DEAE stage of purification to four synthetic homopolymers in the presence of each of the four riboside triphosphates individually. The only striking reaction is the poly-C-dependent poly-G-polymerase.
The significance of this reaction and its relation to Qo-replicase was made uncertain by the discovery of Fox et al.la that the DNA-dependent RNA-polymerase ("transcriptase") from M. lysodeikticus shows poly-G-polymerase activity. We further knew, as will be shown below, that uninfected cells of E. coli also contained a poly-C-dependent poly-G-polymerase which is usually found in association with the transcriptase. The fact that the poly-G-polymerase was found in "replicase" preparations devoid of the DNA-dependent reaction did not, unfortunately, settle Reactions were run for 20 min under standard conditions.' Each homopolymer was present at a level of 10 -y per 0.25-ml reaction mixture. A, U, C, G indicate ATP32, UTP'2, CTP32, GTP32, respectively-all labeled in the a-phosphorus and present at a specific activity of 1 X 106 cpm/0.2 uM/0.25 ml.
the issue of its relation to replicase activity. For example, it might have been an irrelevant contaminant consisting of a subunit of the transcriptase which had retained poly-G-polymerase activity but lost the ability to respond to DNA as a template.
The central issue was whether the protein possessing poly-G-polymerase was a necessary participant in the Qj3-replicase reaction. It was clearly necessary to see whether removal of the poly-G-polymerase was possible in order to determine the resultant effect on Qf3-replicase activity.
Properties of Q13-replicase suggesting dissociable components: We have already noted that the Q,3-replicase activity had persistently exhibited peculiarities during fractionation which suggested the possible existence of two components. During fractionation on DEAE it was noted that exhaustive washing with 0.12 M NaCl removed a component necessary for activity. Also, the enzyme is quite sensitive to dilution and requires high ionic strengths for stability. Further, it was routinely observed that pooling the active fractions from a sucrose gradient consistently resulted in preparations with activities which exceeded the sum of the individual fractions. Finally, the enzyme band was usually much narrower in both CsCl and sucrose gradients than would be expected from its estimated molecular weight of 110,000.
All of these peculiarities would be readily explained if our procedure did in fact partially separate the Q,3-replicase into two components neither one of which could respond effectively to added RNA. Easy dissociation would account for the stimulating effect of combining fractions, the sensitivity of Q,8-replicase to dilution, and the requirement for high ionic environment. In addition, the narrowness of the distribution of the activity in gradients could stem from the fact that we were obtaining active response only in the overlap region of the two components.
The possibility naturally arises that if there are two components, one of them may be responsible for the poly-G-polymerizing activity. If this is so, the poly-Gpolymerase could be used as an enzymatic marker to follow the behavior and separation of the two components. This would at the same time define the relation between the poly-G-polymerase and the Qf3-replicase.
Behavior of Qj3-replicase, transcriptase, and poly-G-polymerase in sucrose gradients:
We first wish to demonstrate that cells infected with Q,3 contain two poly-G-polymerases, one heavy and one light. On the other hand, uninfected cells contain only the heavy poly-G-polymerase.
A Qf3-replicase was prepared from infected cells as described in Methods, through the DEAE step. A similar fraction was obtained using exactly the same procedure from uninfected cells. These two preparations were then layered on separate sucrose gradients, and after centrifugation each resulting fraction was assayed for poly-G-polymerase, transcriptase, and Q,3-replicase. Several features are immediately evident from the results shown in Figure 1 . As expected, no Q/3-replicase activity was detected in the protein prepared from the uninfected cells (see legend, Fig. 1B) . Furthermore, there is only one peak of poly-G-polymerase in the uninfected preparation, and it accompanies the DNA-dependent RNA-polymerase (Fig. 1B) . On the other hand (Fig. 1A) , the protein isolated from infected cells contains Qfl-replicase and two peaks of poly-G-polymerase activities (hereinafter referred to as "heavy" and "light" for convenience region of the QB-replicase activity and the heavy in the transcriptase region of the gradient. It should be noted that the poly-G-polymerase activity is not coincident with the Qf3-replicase.
Our major concern here is with the light poly-G-polymerase located near the Q,3-replicase. It was of particular importance to see whether the lack of concordance in the gradient positions of Qfl-replicase and the light poly-G-polymerase was real since the discrepancy offered an obvious opportunity to illuminate the relation between the two. To accomplish this, a replicase partially purified on a sucrose gradient was rerun on a sucrose gradient for a longer period of time. The results shown in Figure 2 make it clear that a separation is being achieved and encourage the attempt at a more complete separation.
If the poly-G-polymerase were in fact a necessary component of Qfl-replicase, then a more extensive separation should lead to the virtual disappearance of the response to Qf3-RNA. The only activity which should remain, prior to recombination, should be the poly-G-polymerase. On the other hand, if poly-G-polymerase is not a participant in the QB-replicase reaction, its removal should have no effect on the observed replicase activity.
Effect of extensive centrifugation of Qf3-replicase in sucrose gradients: The proper performance of the contemplated reconstruction experiments required the preparation of adequate amounts of the separated components. Hence, the first centrifugation of the DEAE fraction of the Q,3-replicase (Methods) was carried out in the large buckets of the Spinco preparative SW-25, with results as shown in Figure 3 . One observes the same general pattern of distribution of poly-G-polymerase between the replicase and the transcriptase regions. Fractions 18 through 26 were pooled, concentrated with (NH4)2SO4, dialyzed, and then rerun for 36 hours on a sucrose gradient in an SW-39 swinging bucket. The collected fractions were individually analyzed for poly-G-polymerase and replicase. The striking fact evident from the resulting data (Fig. 4A) is the virtual disappearance of Q/3-replicase activity. The only sign of residual replicase activity is found as a low-activity peak in tube 5. In contrast to the disappearance of the replicase, it is evident that the poly-G-polymerizing activity remains.
It is evident that these findings are consistent with the notion that the procedure has separated Q3-replicase into two inactive components, one of which retains the ability to synthesize poly G. If the hypothesis is correct, the other component should be found in the gradient above the poly-G-polymerase. preparation, partially purified on sucrose case. DEAE enzyme, concentrated and gradients, was layered onto a 5-20% su-dialyzed, was layered onto 5-20% sucrose crose gradient and centrifuged for 21 hr in a gradients and centrifuged in a Spinco SW-25 Spinco SW-39 rotor. Nineteen fractions rotor for 40 hr at 25,000 rpm. One-ml fracwere collected and assayed for enzyme tions were collected. Details of assays as in activity. Conditions are as specified in Fig. 1 with the following modifications: For  Fig. 1 with the following modifications: replicase and transcriptase P32-UTP at 5 X 20 X samples for poly-G-polymerase, and 106 cpm/0.2 uM were used per reaction mix-40 X for QtB-replicase. Incorporation in the ture; for the poly-G-polymerase P32-GTP absence of added primer was less than 100 was added at 2.3 X 105cpm/0.2 pM. Twenty cpm.
X samples were used for each assay. profile of the resulting replicase activity should coincide with that of the poly-Gpolymerase. Accordingly, fractions 8, 9, and 10 of Figure 4A were pooled and aliquots added to fractions from 1 to 16. The mixtures were then assayed for response to Q13-RNA with results as shown in curve I of Figure 4B . It is evident that adding the pooled fractions from the upper part of the gradient elicits excellent Q3-replicase activity in the previously inactive lower fractions. Furthermore, the profile of replicase activity thus obtained is in good accord with that of the poly-Gpolymerase activity as observed in Figure 4A .
It is evident that two components of Qfl-replicase have been separated and located in the sucrose gradient.
Discussion.-The striking loss of Qf-replicase activity on dilution, its requirement for a high ionic environment, its abnormally sharp banding in CsCl and sucrose gradients, and finally the presence of a poly-G-polymerase can all be explained by the results reported here. It is evident that the active molecule is a complex of two components which are easily dissociated. The two components are readily separated from each other by successive and prolonged centrifugation in sucrose gradients. The reconstitution experiments recorded in Figure 4B locate the two components in the sucrose gradient.
Although not yet proved, the concordance of the profiles of the restored Q,3-replicase activity in the heavy region with the poly-G-polymerase strongly suggests that the heavy component is identical to the poly-G-polymerase.
The overlap region of the two components has been estimated3 to have a sedimentation coefficient corresponding to a molecular weight of 110,000 using catalase as an internal marker. From this and the relative positions identified in Figure  4B , one would roughly assign 130,000 as the molecular weight of the heavy component and 80,000 for the light one.
It might be tempting to hope that one of the components is the enzyme that converts the plus strand (QI3-RNA) into a duplex by synthesis of the complement and that the other uses this intermediate to generate new plus-strands, according to the XX-174 model of Ochoa et al. ' 4 However, the situation seems to be somewhat more subtle. Neither component can, in isolation, initiate significant synthesis when presented with normal and complete Qi3-RNA as a template. Only a mixture of the two can start and carry out even the first step of the full reaction. These observations imply at the very least that the initial normal interaction, which demands an intact Q,3-RNA molecule" also requires an intact replicase molecule. This, in turn, suggests that the components act in combination as a functional unit rather than sequentially as independent entities.
The size of the two components (130,000 and 80,000) raises an interesting issue relating to the available information in the viral genome. The RNA of Qfl has been shown"6 to be about 0.9 X 106 daltons which can code for approximately 9 X 104 dalton equivalents of protein. Recalling that the coat protein must be provided for, it is clear that if both components are coded for by the viral RNA, each must be composed of identical subunits or perhaps share some in common. It is important to emphasize, however, that the possibility has not been eliminated that at least one of the protein components is provided by the host. A combination of genetic' and enzymological methodologies will be required to resolve this issue.
The demonstration that Qf3-replicase can be resolved into two components in sucrose gradients suggests other less-cumbersome methods for achieving a preparative fractionation. One can then undertake an examination of the response of the two components to the two intermediates9' '0 which can be synthesized in vitro" 8 and readily purified by electrophoresis on gels.7' 8, 18 Such studies along with a careful examination of the fate of template and product of the isolated poly-Gpolymerase reaction should provide illuminating information on the replicative process.
Summary.-Experiments are described which demonstrate that Qo-replicase can be separated into a "heavy" and a "light" component in sucrose gradients. From their relative positions in the gradients one would roughly estimate that the heavy is about 130,000 and the light 80,000 in molecular weight. In isolation, neither component can initiate the reaction when challenged with intact, normal Qfl-RNA.
Full activity is, however, reconstituted in a mixture of the two. The data strongly suggest that the heavy component can synthesize poly G if poly C is provided as a template.
